
Tetrahedron Letters Vol. 21, pp 3527 - 3530 
OPergamon Press Ltd. 1980. Prfnted in Great Britain 

A SHORT ROUTE TO [~~.~~]BFxWEH.NAN~NE: 

CONTNASTING BEHAVIOR II4 DIFFERENT RIN'G SIZES- 
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Abstract: Cyclododecanone (3b) was converted to ~ll.ll]betweenanene (lb) in three 
steps via I-cyclododscylcyc1o;decen.e (lib) and ~-bicyclo[11.ll.0]te~~acos-l(13)- 
ene (Zb). 

_-._ 
The key betueenanene precllrsor zb is also accessible by acid-catalyzed 

dehydration of the related C24 spirocyclic alcohol (c). 

Our laboratory has been interested in functional groups that are sterically 

shielded by molecular chains. One such class is represented by trans-blcyclic olefins 

like 1, in which both faces of the double bond are spanned by aliphatic chains that 

arch over, or 'dome," the ?T bond. The simplified perspective ii shows a planar 
II 

olef inic unit, but shorter chains could twist the s-system (e.g. iii) and also could 
-,_-, 

alter hybridization at each unsaturated carbon. Our plans to synthesize "double 

domed" olefins were anticipated independently by Marshall et al2 and by Nagasaki -- 

et al 3 --I who reported the first prototypes. Marshall's group coined the term 

"betweenanene" and prepared the first example la (m,n represent the number of atoms 
7.F. 

in each ring) by stepwise elaboration of a monocyclic precursor.2 The Nagasaki 

approach was to synthesize the cis (i.e. non-domed) analogs 2, which they then 

isomerized to the domed isomer by irradiation. 3 This photic conversion broadens 

access to domed olefins because the cis isomer might he the simpler synthetic target. 4a 

i ii 

I a, m=n=l2 

b, m=n=l3 

. . . 
III 

2a, m=n=l2 

b, m=n=l3 
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A recent communication by Marshall et al 
4b 

-- on isomerisations in large-ring, 

bicyclic alkenes prompts us to report our (contrasting) findings with an analogous, 

but larger, ring system. Aiming towards the synthesis of [10_13]betweenanene (i.e. 

la) or its cis counterpart (2a), Marshall reported that acid treatment of 4a or VW II __ 
acetolysis of the spirocyclic mcsylate 7a produced in each case a mixture of lla and 

5 
-... -..a 

12a but no la or 2a. Total absence of the latter two olefins led them to conclude _I_ -- __ 
that ring expansion of cations 8 and 9 to cation 10 is unfavorable. Also, they 

_I 
separately synthesized olefin 13s. and report it to be unchanged by their acid treat- 

--_ 
mcnt . Their findings suggest that cationic isomerizations, though attractive for their 

brevity, are not viable routes to double domed olefins or to their cis counterparts. 

In our pursuit of olefins lb and 2b, we dehydrated spiroalcohol n, which __ I- -_ 
contains one more CH 

2 
in each ring than does Marshall's substrate. In contrast to 

Marshall's results, our product mixture included olefins derived from cation 10. 

To obtain spiroalcohol 7b, we prepared and epoxidized (63%) the known6 
VI 

olefin 4b II __ 
with m-chloroperoxybenzo3c acid. The oxide, s>, was rearranged with BF3 to spiro- 

ketone 6b (80%) and then reduced to alcohol m with LiAlH4 (77$). Dehydration of i"h __ 
'T 

__ -_ 
in CH2C12 with HC104 gave, after 4.25 hr and in quantitative yield, a mixture of 

eight olefins, viz.: ,4b (1%); 11-1~ (E+Z; !+9%>; 12b (E; 26%); 13b (E+Z; 19%); 2b and 

12b (2) (5% combined).8'g'10 
__- ___ w-1 WI 

Olefins 2b and 13X1 reveal that in our ring sLze the -__ WY --- 

spirocation 9 rearranges to tertiary cation 10 as well as to 8. 

We found th%t the olefin proportions changed when the dehydration reaction was 

allowed to stand longer. For e.g., when monitored for 47 hr, the amounts of 13b 
__- 

increased, $+ and lib decreased, and 12b increased at first but then decreased. mm- _-- 

These trends suggested that cation 8 does, indeed, rearrange to cation 10. 
_- 

To test this view and to exploit it in a simple synthesis of betweenanene lb, 

we coupled cyclododecanone reductively /zn) to a 90:10 mixture of lib 6 and 

4d1 

(TiCi --- 
These olefins and neat trifluoroacetic acid formed a heterogeneous mixture, -_ 

which was shaken overnight at room temperature. The complex product mixture, virtu- 

ally all olefins, contained 2b and 13b (E+Z). We isolated the desired olefin 2b in __ ___ 

20% yield after column chromatography and recrystaliization. 
12 

-_ 

Direct irradiation3 

of 2b in heptane gave us [ll.ll]betweenanene (1b).13 This double domed olefin was -_ __ 
easily separated (50% yield) from the other products of' photolysis by CCJIXM ChrOma- 

tography on AgNO 3-impregnated silica gel, thus completing its three-step synthesis 

from cyclododecanone (viz. _3b + lib * To + lb). -__ __ V_ 
The marked difference in behavior between our C24 substrates and the C22 alkenes 

reported by Marshall et al indicates that predictions for other homologs should not -- 

be made at this time. Each ring size may require individual examination. 
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Dehydrations uncler a variety of other conditions also gave olefias from cation 10. 

The olefin mixture was analyzed by GLC,9 
%_ 

and by TLC on AgEO silica 

gel. Separations by column chromatography and by preparative 
TLC ultimately gave the following olefins 2b; 4b; lib (E+Z); 
12b (E); 13b (E or Z). The carbon skeletons and the double bond'lio&~io~"&re ._.__ 
establish<~*by 1% NMR and by catalytic hydrogenations to the corresponding 
expected saturated hydrocarbons. On this basis, and on some additional chemical 
evidence, ue believe the seventh and eighth olefins (formed here in trace amount 
and not isolated) are 1TD (Z) and the other geometric isomer of 13b. V__ ___ 
II&C was performed an a liquid-crystti liquid phase N,N '-bia(p-butylo~benzylidene)- 
cr,a'-bi-p-toluidine (BBBT). See Janini, G. M., Muschik, G. M., and Zialinski, Jr., 
w. L., Anal. them., ,1915, 40, 809-813. Silicone liquid phases such as SE-30 failed 
to reveal all the components and resulted in deceptively simple chromatograms. 

Characterization included C and H analyses, IR, lHNMR and % ETMR. 

Modeled on e procedure developed for acyclic ketones by Mukaiyama, T., Sate, T., 
and Hanna, J-, Chem. Letters, 1973, 1041-lO44- V-w_ 
Interestingly, although the tetrasubstituted olefin 2b was produced in synthetically 
useful amounts in this heterogeneous reaction, it is-"a minor component in homo- 
geneous acidic medium. For example, we separtitely isomerized olefin gg to as much 
as 94% of 13b (E+Z) with BF3.Et2O.in refluxing benzene solution. We think the 
insolu.bili~~-of our C 

f 
4 olefins in CF3CO2H, and the high crystallinity of ,e in 

particular, strongly nfluence the olefin ratios. 

Physical constants for these target olefins are: 
10 

1.7?&, 
mp lG3-104%; IR (CHCl ) V 2920, 284CI, 1460 c& % NMR (CDcl ) 6 l.05- 
36H), 1.70-2.08 (m, 42),2.30-2.70 (m, 4H); 13c'RMR (CDCl ) 632i 85, 25.12, 

25.16, 27.15, 27.73, 30.82, 134.87; W (heptane), & 212 (E = 67&l, 208 
(E = 6700), 202 (sh. E = 5800) nm.- Inert to hydrogenation xlth pt in HOAc-heptane, 
3 atmos., room temperature. 

2b: 
1.6S-(m. 

mp 129-130~~; IR (CHC13) v 2920, 2840, 1460 cm-l; lH IWR (CDU ), 6 l-15- 
36111, 1.80-2.14 (m, 8~); 13~ BMR (cnc13), 4 23.98, 24.98, &!1, Fp.66, 

26.97, 3G.56, 133.90; UV (heptane), A,, 200 (E = 10,100) nm. 


